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PROTECTIVE DEVICE FOR A REPEATEDLY RECHARGEABLE 
ELECTROCHEMICAL BATTERY 

Background of the Invention 

Field of the Invention 

The invention relates to a protective device for a repeatedly rechargeable electrochemical 
battery with a battery housing, the protective device having at least one switching element which 
can be activated by a detector element and which is designed or adjusted to prevent recharging 
and/or discharging of the battery in an unallowable operating state thereof 

Description of Related Art 

In electrochemical batteries, for example, due to excess charging or a short circuit 
between the terminal contacts of the battery housing, the pressure can rise within the battery, 
which can lead to a deformation of the battery housing which is so great that chemicals emerge 
especially in gaseous form. 

It is known from published European Patent Application Nos. EPA 0 322 112, 
EPA 0 360 395 and EPA 0 370 634 that electrochemical batteries can be provided with a 
switching element which, when a certain still tolerated boundary deformation of the battery 
housing is exceeded, preferably, irreversibly separates an electrical terminal contact from the 
pertinent electrochemically active electrode in order to prevent further deformation of the battery 
housing. The battery housing comprises an electrically conductive cylindrical housing section 
which is closed on the face and which makes contact with an electrode, the face the plate-shaped 
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switching element being attached centrally from the outside by means of electrically insulating 
cement. In its base position, the electrically conductive outside edge of the switching element 
forms an electrical connection between the housing section and the electrical terminal contact 
which projects to the outside and which is located in the center of the switching element. When 
5 the pressure increases within the battery housing, the face of the housing section which acts as the 
detector element curves to the outside, interrupting the contact between the housing section and 
the outside edge of the switching element, and thus, between the one electrode and the terminal 
contact. Typical applications of these switching elements are type £ D" standard batteries. The 
curving of the face side, starting from which the switching element interrupts the electrical 

10 contact, in this case, is 0.76 mm to 1.8 mm. For curvatures exceeding 1.8 mm, escape of 
chemicals from the interior of the battery housing can usually be expected. 

Published European Patent Application No. EP A 0 470 726 discloses an electrochemical 
battery with a cylindrical battery housing and a pressure membrane as a detector element which is 
integrated on the face side in the battery housing and which deflects when the pressure rises in the 

15 interior of the battery housing, by which a plate-shaped switching element centrally connected to 
the pressure membrane reversibly or irreversibly interrupts the electrical contact between an 
electrode and a terminal contact of the battery. 

Published European Patent Application No. EP A 0 674 351 discloses an electrochemical 
battery with a battery housing which comprises a cutting device which can be actuated by a 

2 o pressure membrane and which irreversibly cuts an electrical lead when a pressure limit within the 
battery housing is exceeded and which connects a terminal contact of the battery with an 
electrochemicaily active electrode. 

Also, when using a switching element which interrupts the electrical connection between 
the terminal contact and the respective electrochemicaily active electrode, when a certain pressure 

2 5 is exceeded within the battery housing, it is possible for the pressure to continue to rise and 

ultimately for the chemicals to escape from the battery housing or for it even to explode. For this 
reason, it was proposed (for example, in Published European Patent Application Nos. EP A 0 364 
995, EP A 0 573 998 or EP A 0 739 047) that a pressure membrane which actuates the switching 
element and which is integrated into the battery housing be provided with a bursting area via 

3 0 which chemicals can escape from within the battery housing after activation of the switching 

element and after the pressure continues to rise. 

The protective devices listed in the aforementioned prior art for electrochemical batteries 
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are not suitable for use as part of implantable devices because, for this purpose, especially high 
demands must be satisfied, particularly with respect to safety and reliability together with 
simultaneous reduction of all dimensions as much as possible. Contamination of the surrounding 
tissue with toxic substances and endangerment of the implant wearer by battery malfunction must 
be precluded under all operating conditions. 

Summary of the Invention 
Thus, a primary object of the present invention is to devise a protective device for a 
repeatedly rechargeable electrochemical battery which satisfies the specific requirements for 
implantable devices. 

This object is achieved, in a protective device for a repeatedly rechargeable 
electrochemical battery with a battery housing that has at least one switching element which can 
be activated by a detector element and which prevents recharging and/or discharging of the 
battery in an unallowable operating state thereof, by the protective device having a hermetically 
sealed protective housing which 

holds the battery housing, 

impresses a change in shape on the detector element in an unallowable operating state of 
the battery, and 

is part of an implantable device. 

Since the protective housing holds the battery housing hermetically tight, no special 
requirements are imposed on the battery housing itself It is therefore possible to use a 
conventional battery, for example an ordinary button cell, without regard to material choice or 
the like. Chemicals emerging from the interior of the battery housing are securely retained in the 
hermetically sealed protective housing which can be made explosion-proof. 

Here, hermetic sealing is defined preferably as per Mil-Std 883 D. This arrangement 
ensures that, when using a rechargeable battery or storage battery in an electronic implant, which 
itself is, in turn, housed in a hermetically sealed, bio-compatible housing, neither liquid toxic 
substances, nor gases can escape from the protective housing. These gases occur mainly in small 
amounts even during proper, normal storage battery operation. The hermetic sealing of the 
protective housing reliably prevents damage to the surrounding electronics; this means that the 
electronic circuits, especially integrated circuits, can remain unprotected, since contamination by 
even the smallest amounts of escaping battery gases is not possible. 
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Since a change in shape cannot be directly impressed on the detector element in an 
impermissible operating state of the battery by the battery housing, but is impressed by the 
hermetically sealed protective housing, it is fundamentally possible for continuous escape of 
chemicals from the batteiy housing to be detected as an impermissible operating state which leads 
to a pressure rise in the protective housing. 

The functional separation of the battery and battery housing, on the one hand, and the 
protective housing and detector element with the change of shape impressed by the protective 
housing, on the other, allow independent selection and optimization of the respective components. 
For example, the requirements for dimensional tolerances of the battery housing need not be very 
great, since deviations can be measured and equalized on the protective housing when it is 
manufactured. 

The implantable device can, among others, be an active, electronic hearing implant, a 
cardiac pacemaker, a drug dispenser, a neurostimulator or the like. 

Recharging of the battery is preferably prevented by making at least one switching 
element as a break contact which is designed or adjustable to electrically interrupt a recharging 
circuit which can be supplied by a charging device in an impermissible operating state of the 
battery. 

Furthermore, at least one switching element can be made as a break contact which is 
designed or adjustable to electrically interrupt the consumer circuit in an impermissible operating 
state of the battery. Thus, it is possible, for example, in a short circuit in the consumer circuit, to 
prevent overly high electrical power being withdrawn from the battery; this likewise can cause an 
impermissible operating state of the battery, i.e. for example expansion of the volume of the 
battery or gas escape from the battery housing which can lead to a pressure rise within the 
hermetically sealed protective housing. It is also possible for the break contact to be arranged 
such that it interrupts the recharging circuit simultaneously with the consumer circuit. 

In another preferred embodiment of the invention, at least one switching element is made 
as a make contact which is designed or adjustable to electrically short circuit the recharging circuit 
which can be supplied by a charging device in an impermissible operating state of the battery, by 
which further power supply to the battery is interrupted. 

Furthermore, there can also be an operating element which is made as a make contact 
which is designed or adjustable to electrically short circuit the battery when it is in an 
impermissible operating state. This make contact is an especially good idea in serial connection to 
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an overcurrent fuse which can irreversibly interrupt a current in a recharging and/or consumer 
circuit of the battery. The overcurrent fuse can be made as a fusible link which is burned through 
when the residual energy stored in the battery is short circuited. If the power for this purpose is 
inadequate, the battery can be completely discharged. It is likewise possible for at least one 
5 overcurrent fuse to simply limit the current in the recharging and/or consumer circuit, 
advantageously the overcurrent fuse being made as a cold lead (PT resistor) with a resistance 
which rises as the temperature rises. 

The switching elements can essentially reversibly or irreversibly interrupt a circuit into 
which they are incorporated. Reversibly operating switching elements offer the advantage that 
10 their operation can be checked nondestructive^ for example, in the assembled state in interaction 
with other components of the protective device. 

The change of shape impressed on the detector element by the protective housing in an 
impermissible operating state of the battery feasiblely actuates at least one switching element 
mechanically. Direct mechanical actuation of the switching element by the change in the shape of 
15 the detector element is especially reliable since it necessarily operates without being dependent on 
nonmechanical transmission members. 

This does nor preclude that especially when two or more switching elements are present 
redundantly, at least one switching element can be actuated by evaluation electronics which 
acquire the change in shape of the detector element. An electrical extensometer which acquires 

2 o the change in the shape of the detector element and which responds with a change of an electrical 

quantity which is monitored by the evaluation electronics is used to advantage. If the electrical 
extensometer is a passive system, it can convert the change in the shape of the detector element 
into a change of its electrical resistance (strain gauge), its inductance or its capacitance. 
Alternatively, an active electrical extensometer can be used which reacts, for example, like a 
25 piezoelement, with a change in charge related to the change in shape imposed on the strain gauge 
by the detector element. 

In another embodiment of the invention, the detector element is a part of the protective 
housing and is made especially as a deflectable membrane which especially forms an outside wall 
or partition of the hermetically sealed protective housing. This allows a space-saving construction 

3 o and an easily predictable change in shape of the detector element when the pressure rises in the 

protective housing. 

In particular, the thickness of the protective housing, which is especially critical for an 



-6- 



DocketNo. 0105-34 



implantable device, can be minimized if at least a membrane is integrated into a side wall of the 
hermetically sealed protective housing, the direction of curvature of the membrane running 
especially perpendicular to the smallest dimension of the battery. A cover or bottom of the 
protective housing which is provided in the direction of the smallest dimension of the battery 
above and below the latter then remains essentially free of detector and switching elements so that 
the thickness of the protective housing only slightly exceeds that of the battery. A redundant 
safety against an impermissible operating state of the battery arises when, for example, there are 
two membranes, of which one is made as part of a make contact and a contact pair of the make 
contact can be electrically short circuited by means of this membrane due to occurrence of an 
impermissible operating state of the battery. The second membrane can be made as part of a 
break contact, and by means of this second membrane, in an impermissible operating state of the 
battery, a contact pair of the break contact can be electrically disengaged. 

It is advantageous for the hermetically sealed configuration of the protective housing and 
a simple structure thereof, when the battery with two terminal contacts located on the battery 
housing makes contact with areas of the protective housing, if the contacts are electrically 
insulated relative to one another, the electrically conductive areas of the protective housing which 
they contact being electrically insulated relative to one another and being electrically connected to 
a recharging circuit and/or a consumer circuit. 

The dimensions of the insulating regions, which are formed preferably by a ceramic and 
are provided in the protective housing, can be minimized if at least one terminal contact of the 
battery housing is electrically connected to a recharging and/or consumer circuit via a hermetically 
sealed feed-through which is electrically insulated with reference to the protective housing. 

The feed-through can, in principle, be made with one or more poles, the number of poles 
advantageously corresponding to that of the terminal contacts or poles of the battery. However, 
by means of the feed-through, not only power transmission, but fundamentally also signal 
transmission by a wall of the protective housing is possible. The feed-through preferably 
comprises a ceramic substrate, for each penetrating pole a metallic contact pin penetrating the 
substrate in a hermetically sealed manner. 

The contact pins can be held in the ceramic substrate in an outside wall of the protective 
housing hermetically sealed by means of a material connection, for example, a solder connection, 
especially a gold solder connection. 

It can be advantageous for the contact pins to be held in the ceramic substrate and the 
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substrate held in a metallic receiver that is hermetically sealed by means of a material connection, 
the metallic receiver being, likewise, connected to an outside wall of the protective housing. A 
weld or solder connection can also be used to connect the metallic receiver to the outside wall of 
the protective housing. 

If the protective housing as a whole is made bio-compatible, it can be implanted directly 
and connected to the user via permanently connected or detachable electric lines; its implantation 
site is thus irrelevant, as is described also in the German Patent Application No. 198 37 912.9 of 
August 20, 1998 and in corresponding commonly assigned U.S. Patent Application No. 

09/ , (attorney docket no. 0105-35) which is being filed at the same time as this 

application. Materials for the bio-compatible protective housing can be, preferably, titanium, 
niobium, tantalum, implantable steels or a composite thereof or of other implantable metals with 
ceramic materials, such as aluminum oxide ceramic, for which jacketing of the entire protective 
housing with a bio-compatible polymer can be a good idea, such as, for example, silicone, 
polytetrafluoroethylene (PTFE), polymethane, parylene or the like. 

These and further objects, features and advantages of the present invention will become 
apparent from the following description when taken in connection with the accompanying 
drawings which, for purposes of illustration only, show several embodiments in accordance with 
the present invention. 

Brief Description of the Drawings 

Fig. 1 is a schematic circuit diagram with a protective device incorporated into a 
consumer and a recharging circuit; 

Fig. 2 is a schematic section through a first embodiment of a protective device with a 
reversibly operating switching element; 

Fig. 3 is a schematic perspective view of the embodiment as shown in Fig. 2; 

Fig. 4 shows a portion of the embodiment shown in Fig. 2 on a larger scale ; 

Fig. 5 is a schematic section through a second embodiment of a protective device; 

Fig. 6 is a schematic through a third embodiment of a protective device with a switching 
element in the closed state; 

Fig. 7 is a schematic through the embodiment shown in Fig. 6 with the switching element 
in the opened state; 
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Fig. 8 is a schematic section through another embodiment of a protective device with a 
switching element in the closed state; 

Fig. 9 is a schematic section through the embodiment shown in Fig. 8 with the switching 
element in the opened state; 

Fig. 10 is a schematic section of yet another embodiment of a protective device with an 
irreversibly operating switching element 6; 

Fig. 1 1 is a schematic section of another modified embodiment of a protective device; 

Fig. 12 is a schematic in a section of a protective device with hermetically sealed routing 
of a terminal contact of a battery through a protective housing; 

Fig. 13 is a schematic perspective view of an embodiment of a protective device with a 
short circuit switch and a bursting strip as an irreversible break contact; 

Fig. 14 is a schematic cross section of the embodiment shown in Fig. 13; 

Fig. 15 is a schematic perspective of another embodiment of a protective device; 

Fig. 16 is a schematic section through a protective device with a hermetically sealed feed- 
through of the two terminal contacts of the battery; and 

Fig. 17 is a schematic section through a protective device with a twin-pole feed-through, 
the feed-through and the switching and detector elements being integrated in a side wall of the 
protective housing. 

Detailed Description of the Invention 
According to Fig. 1, a battery 10 with its battery housing 12 is held hermetically sealed in 
a protective housing 14 such that a positive and a negative terminal contact of the battery 10 (in 
the figures labelled + and -) are tapped via terminals 16 and 18 on the protective housing and are 
connected to a recharging circuit 22 and a consumer circuit 24. The protective housing 14 is 
made such that it impresses a change in shape on the detector element 20 in an impermissible 
operating state of the battery 10. In the consumer circuit 24, via a break contact 50 ? the battery 
supplies a consumer 26 which can be, for example, an implantable hearing aid. The recharging 
circuit 22 has a receiving coil 28 which together with a capacitor 30 forms a series resonant circuit 
which is excited by a second series resonant circuit of an external transmitting part with the same 
resonance range, the second circuit not being shown, can be as described in U.S. Patent No. 
5,279,292. The recharging circuit 22 closes depending on the phase via diodes 32, 38 and 34, 36, 
a break contact 48, an overcurrent fiise 42 and the battery 10 held in the protective housing 14. A 
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Zener diode 40 protects the battery 10 against an overly high voltage of the recharging circuit. 
Parallel to the receiving coil 28 and the capacitor 30, there is a make contact 44. Another make 
contact 46 is located parallel to the battery 10 and the overcurrent fuse 42. 

As illustrated by the dot-dash lines in Fig. 1, the detector element 20 actuates the 
switching elements 44, 46, 48, and 50 which are part of the protective device. This can take place 
either directly, for example, by mechanical coupling of the detector element and one or more 
switching elements, or via optional evaluation electronics 52 which acquire the change in the 
shape of the detector element and which actuate one or more switching elements electrically or 
electromechanically. It goes without saying that not all of the switching elements 44, 46, 48 and 
50 need be present, and that the classification, which of the switching elements are actuated 
directly or via the optional evaluation electronics 52, can be varied depending on the application 
and desired redundancy of the protective device. 

The position of the operating elements 44, 46, 48 and 50 shown in Fig. 1 corresponds to 
the base position in normal operation. In the case of an impermissible operating state of the 
battery 10, at least one of these switching elements is actuated. 

A first embodiment of a protective device is shown in Figs. 2 to 4 and comprises a 
hermetically sealed protective housing 54 with a bowl-shaped cover 56 and a likewise bowl- 
shaped bottom 58. A hollow cylindrical side wall 60 of the cover 56 is welded to a cover plate 62 
which forms the detector element of the protective device as the deflectable membrane. The 
bottom 58 is formed by a hollow cylindrical side wall 64 and a bottom plate 66 welded to it. The 
battery 10, which is a conventional rechargeable button cell, is held within the protective housing 
54, the positive terminal contact of the battery housing 12 being tapped via a contact clip 68 
which is in contact with the inside of the side wall 60. The negative terminal contact of the battery 
10 is tapped from a face 71 of the batteiy housing 12 by means of a contact clip 70 and is routed 
from the inside to the side wall 64, a recess 74 in the edge area of the bottom plate 66 enabling the 
face 71 of the battery housing to rest over a large surface on the bottom plate 66 in spite of 
placement of the contact clip 70. An insulating tube or sleeve 73, pushed over the contact clip 70, 
prevents electrical contact between the contact clip 70 and the positive terminal contact of the 
batteiy 10. Both the cover 56 and also the bottom 58 are produced from an electrically 
conductive material that is resistant to chemicals leaking from the battery housing (for example, 
titanium) and have electrical terminals 76 and 78 which correspond to terminals 16 and 18 as 
shown in Fig. L 
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The side walls 60 and 64 are welded or soldered to one another via their surfaces which 
face towards one another with interposition of an insulating ring 80, that is made, for example, of 
an oxide ceramic, the insulating ring having a smaller inside diameter than the side walls 60 and 
64, thereby hermetically sealing them. On the face of the insulating ring 80 which is located 
within the protective housing 54 and which faces the bottom plate 66, an O-ring 82 is supported 
which acts on one shoulder of battery housing 12 such that the face 71 of the battery housing 12 is 
slightly prestressed against the bottom plate 66 and abuts it without play. 

On the cover plate 62, a switching element, labelled 86 as whole, is attached and 
corresponds to the make contact 44 of Fig. 1. As an important component, the make contact 86 
has a flexible contact carrier 92, for example, of polyimide, with the shape of a roughly 
rectangular thin-walled plate having a short side with a U-shaped notch that creates two spring 
arms 102, 104. Along the two longer sides, on the top of the contact carrier 92, metal layers 94 
are attached, and which extend onto the spring arms 102 or 104, a section of a platinum wire is 
soldered on each layer 94 as a contact 106 or 108, via the solder connection 109. In the vicinity 
of the second short side of the contact carrier 94, by means of a solder layer 100, a respective 
contact plate 96, 98 is connected to each of the two metal coatings 94. The contact plates 96, 98 
each bear a respective terminal 1 12, 1 14 so that the terminal 1 12 is electrically connected to the 
contact 106 and the terminal 1 14 is electrically connected to the contact 108. At a short distance 
above the contacts 106 and 108, there is a contact bridge 110 with which contacts 106, 108 can 
be brought into engagement to electrically short circuit them. The flexible contact carrier 92 is 
connected, via a multilayer structure, with the cover plate 62 such that the contacts 106, 108 are 
located in the middle of the cover plate 62 and in an overhead view run along an axis of symmetry 
of the round cover plate 62. 

As shown in Fig. 4, the multilayer structure between the contact carrier 92 and the cover 
plate 62, proceeding from the bottom of the contact carrier 92 facing the cover plate 62, 
comprises an adhesive layer 88, a spacer plate 90 and a second adhesive layer 88. The multilayer 
structure extends roughly from the short side of the contact carrier 92 which has the contact 
plates 96, 98 to the base of the U-shaped notch which separates the two spring arms 102, 104 so 
that they stand freely at an exactly established distance over the cover plate 62. 

The contact clip 68 can be made as a fusible link which interrupts the electrical connection 
between the positive terminal contact of the battery housing 12 and the terminal 76 when the 
current flowing via it exceeds a boundary value. In this case, there must be insulation between 
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one face 72 of the battery housing 12 which faces the cover plate 62 and the latter. 

Between the bottom of the cover plate 62 and the face 72 of the battery housing 12, there 
is a gap 84 of given thickness which equalizes the allowable natural respiration of the battery 
housing 12 under different operating conditions. If the battery housing 12 continues to expand, 
the face 72 of the battery housing adjoins the cover plate 62 and impresses a curvature thereon, 
the remaining protective housing 54 which is designed to be stiffer than the cover plate 62 is 
deformed only little. Thus the increase in the volume of the battery housing 12 is converted in a 
controlled manner into a curvature of the cover plate 62 made as a membrane. The same applies 
when chemicals leak out of the battery housing 12 which lead to a pressure increase within the 
protective housing 54 without the thickness of the battery housing 12 necessarily increasing. The 
curvature of the cover plate 62 causes the contacts 106 and 108 and the contact bridge 110 to 
approach one another in order to finally, when the contacts reach one another, electrically short 
circuit the terminals 1 12 and 1 14, and via these terminals, the recharging circuit 22 so that further 
power supply to the battery is suppressed. The flexible configuration of the spring arms 102, 104 
prevents damage to them when the switching element 86 closes so that the make contact 86 in 
principle operates reversibly. When the internal pressure decreases in the protective housing 54 or 
when the increase in the volume of the battery housing 12 falls back, the switching element 86 
again assumes its base position shown in Fig. 2. 

The curvature of the cover plate 62 which leads to actuation of the switching element 86 
is generally less than 300 microns, the protective housing 54 for example having an outside 
diameter of roughly 18 mm at a height of less than 5.5 mm, measured from the bottom plate 66 to 
the cover plate 62. 

Fig. 5 shows a second embodiment of a protective device which has a protective 
housing 116 with a bowl-shaped, one-part bottom 118 of electrically conductive material. The 
protective housing 116 is closed by a, likewise, electrically conductive cover 120. An insulating 
ring 122 of oxide ceramic is soldered between the cover 120 and the bottom 118. The insulating 
ring 122 has an inside diameter which is less than that of the side wall of the bottom 118 and bears 
in an electrically insulated manner a bottom membrane 138 and a contact membrane 134. The 
two membranes 134 and 138 are made of electrically conductive material, the top of the contact 
membrane 134 is electrically insulated relative to the adjacent cover 120 by means of an insulating 
layer 148 and is placed at the electrical potential of the bottom 118 via a metal coating 132, a 
through-plated hole 130 and solder layer 128. The battery 10 is hermetically sealed by the 
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surrounding bottom 118, the bottom of the insulating ring 122 and the membrane 138, and its 
positive terminal contact via the face 72 makes contact with the inner base surface of the bottom 
118. 

A spring 124 is located between a shoulder of the battery housing 12 and the transition 
5 area between the insulating ring 122 and the side wall of the bottom 118. Spring 124 is used for 
centering and play-free contact of the face 72 of the battery housing 12 with the base surface of 
the bottom 118. The spring 124 is at the same time in electrical contact with the side wall of the 
bottom 1 18 ? the solder layer 128 and the positive terminal contact of the battery 10 which extends 
into the area of the shoulder adjoining the spring 124. The negative terminal contact of the 

10 battery 10 makes contact with the bottom of the membrane 138 via the face 71 of the battery 
housing 12 and via an optional spring 140. A metal coating 142 on the bottom of the insulating 
ring 122, a through-plated hole 144 through the insulating ring 122, and a solder layer 146 close 
the electrical connection between the membrane 138 and the cover 120 from which the negative 
potential is tapped via a terminal 152. A terminal 150 on the outer side wall of the bottom 1 18 is 

1 5 used to tap the positive potential of the battery 1 0. 

Therefore, while the membrane 138 is connected to the negative terminal contact of the 
battery 10, the contact membrane 134 is located at a distance from the membrane 138 which 
corresponds to the thickness of the insulating ring 122 and makes contact with the positive 
terminal contact of the battery 10. This distance is such that, in an impermissible operating state 

20 of the battery 10, a curvature is impressed on the membrane 138 which is sufficient to cause it to 
make electrically conductive contact with the contact membrane 134 so that the battery 10 is 
electrically short circuited. Furthermore, a section of the solder connection 146 can be 
dimensioned as a fusible link which burns through irreversibly if a recharging or a discharging 
current exceeds a predetermined threshold. Further power supply and power output via the 

2 5 terminals 1 50, 1 52 is thus suppressed. 

According to Figs. 6 and 7, a third embodiment of a protective device has a protective 
housing 154 with an electrically conductive bottom which has a side wall 156 in the form of a pipe 
section which is sealed at one end by a base plate 158. A peripherally closed weld 160 connects 
the bottom plate 158 to the side wall 156. On the second end of the side wall 156, a ceramic 

3 o insulating ring 162 is fixed via a solder layer 164 and has a round opening with an inside diameter 

which is less than the inside diameter of the side wall 156. A membrane 166 of electrically 
conductive material spans the opening of ring 162, being attached on the bottom of the insulating 



- 13 - 



Docket No. 0105-34 



ring 162 facing in the direction toward the bottom plate 158, and hermetically seals the interior of 
the housing 154. In this interior, the battery 10 is held such that its positive terminal contact is in 
electrical contact with the bottom plate 158 by means of face 72. A weld spot 165 located in the 
center of the face 72 ensures contact with the lowest contact resistance and a defined location of 
5 the battery 10 with reference to the bottom plate 158. Instead of the welding spot 165, there can 
be a solder connection or an electrically conductive cement connection. The negative potential of 
the battery 10 is routed via its face 71 from underneath to the membrane 166, for which a 
conductive cement can be provided to minimize the contact resistance. Advantageously, the 
battery 10, with its faces 71, 72, is slightly prestressed between the membrane 166 and the bottom 

10 plate 158. An electrically conductive contact membrane 168 with a central contact point 170 
pointing down is connected on the top of the insulating ring 162 and spans its opening. The 
contact membrane 168 is elastically pre-curved toward the inside in the direction toward the 
membrane 166 and is in electrical contact with the membrane 166 by means of the contact point 
170 (Fig. 6). In this position of the contact membrane 168, power supply and output to or from 

15 the battery 10 can proceed via a terminal 174 that is electrically connected to the contact 
membrane 168 and a terminal 172 in contact with the outside of the side wall 156. If an 
impermissible operating state of the battery 10 occurs, the membrane 166 and with it the contact 
membrane 168 are curved so far to the outside that the contact membrane 168 jumps to the 
outside via an unstable equilibrium position, breaking the electrical contact between the two 

2 0 membranes 166, 168. This electrical contact remains interrupted even if the membrane 166 
should return again to its original position as shown in Fig. 7. 

A fourth embodiment of the protective device shown in Figs. 8 and 9 has a protective 
housing which differs from the protective housing 154 essentially only by the configuration of the 
membranes 166, 168 and their electrical contact-making. A membrane 176, which corresponds to 

25 the membrane 166, carries a contact spring designated 180 as a whole, and which is formed of a 
pin 182 and a spring plate 184. One end of the cylindrical pin 182 is fixed on the top face of the 
membrane 176 so that its longitudinal axis stands roughly vertically. The other end of the pin 182 
is connected to the spring plate 184. Here, the pin 182 penetrates an opening in a contact 
membrane 178 which corresponds to the contact membrane 168 of the protective housing 154. 

30 A contact surface 185 that is located in the vicinity of the outside edge of the spring plate 184, in 
the base position shown in Fig. 8, is in electrically conductive contact with the upper surface of 
the contact membrane 178. In the base position, the membranes 176, 178 run roughly parallel, 
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and the contact surface 185 rests elastically prestressed on the contact membrane 178. In an 
impermissible operating state of the battery 10, the membrane 176 is forced to curve to the 
outside in the direction toward the contact membrane 178, which essentially does not deform and 
keeps its position. The curvature of the membrane 176 is enough to lift the contact surface 185 
off of the contact membrane 178 and to reversibly interrupt the electrical contact, but is not so 
great that the top of the membrane 176 comes into contact with the bottom of the contact 
membrane 178 (Fig. 9). To ensure the latter, even with greater curvature of the membrane 176, 
the bottom of the contact membrane 178 is provided with an insulating layer 186. 

A fifth embodiment of a protective device as shown in Fig. 10 and comprises a protective 
housing 190 with a one-piece, bowl-shaped bottom 192, a likewise bowl-shaped cover 194 and a 
membrane 196 which, by means of a weld 198 is secured over the open end the bottom 192 and 
of the cover 194 connected to the bottom and cover. The bottom 192, the cover 194 and the 
membrane 196 preferably are made of the same electrically conductive material. The 
membrane 196 divides the protective housing 190 horizontally into an upper cover area and a 
lower hermetically sealed space which holds the battery 10. 

The positive terminal contact of the battery 10 is tapped via a conductive cement 200 
having a low contact resistance via the face 72 and makes contact with the inside of the 
bottom 192. An insulator 218 is applied to the face 71 of the battery 10 and prevents the 
negative terminal contact or the pole of the battery 10 from coming into contact with the 
membrane 196. The negative potential of the battery is tapped on a side wall of the battery 
housing 12 adjacent to the face 71 from the negative terminal contact via a contact spring 212 and 
is connected to the terminal 216 by a hermetically sealed feed-through 214 through the side wall 
which is electrically insulated relative to the side wall of the bottom 192. On the top of the 
membrane 196 in the center, a plunger 222 is attached which projects into the opening in the 
cover 194. At a short distance above the upper edge of the plunger 222 is a bursting element 
which bridges the opening and which is labeled 204 as whole. The bursting element 204 
comprises, a substrate 206 on its side facing the top of the cover 194, and a conductive layer 208 
on top of this substrate 206. The substrate 206 can be a ceramic, for example, an oxide ceramic, 
glass or the like. On one side of the opening in the cover, the conductive layer 208 makes contact 
with the cover 194 via a contact clip 202, and on the opposite side of the opening, a terminal 210 
is attached to the conductive layer 208, with which the positive potential of the battery 10 is 
tapped. A gap 220 between the insulator 218 on the face 71 of the battery 10 and the membrane 
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196 prevents curvature of the membrane 196 when the battery 10 expands slightly, for example, 
as a result of a temperature increase. In an impermissible operating state of the battery 10, 
however, whether by an increase in the volume of the battery 10 and/or escape of chemicals from 
the interior of the battery 10, with the consequence of a pressure rise in a hermetically sealed 
battery receiving space of the protective housing 190, a curvature is impressed on the membrane 
196 which is enough for the plunger 222 to destroy the bursting element 204 so that the 
conductive layer 208 is irreversibly interrupted between the contact clip 202 and the terminal 210. 

As is shown in Fig. 11, a sixth embodiment of the protective device has a protective 
housing 224 with a flat, electrically conductive shell-shaped bottom 226. The bottom 226 is 
connected at its upper end with a ceramic insulating ring 229 and which, in turn, is connected at 
its upper side to a side wall part 228 which has the form of a pipe section. The side wall part 228 
is hermetically sealedly on its upper end by an electrically conductive membrane 230. On the 
outer side of membrane 230, an insulating layer 232 is provided and on this insulating layer 232, 
an electrically conductive, brittle bursting layer 234 is applied. The bursting layer 234 is 
electrically conductively connected to the membrane 230 at a first point in the area of the side wall 
228 via a making contact 236, and on a second diametrically opposite site it is connected to the 
terminal 238, the bursting layer 234 extending between these two points in a strip-shaped manner. 

The terminal 23 8 is used to tap the positive potential of the battery 1 0 which is held by the 
protective housing 224. In this case, the positive terminal contact of the battery 10 is tapped from 
the side wall of the battery housing 12 by means of a contact clip 242 which forms the electrical 
contact with the inside of the side wall part 228 via spot welds 244 and 246. The negative 
terminal contact of the battery 10 is connected, via a spot weld 248 applied centrally on the face 
71, with the inside of the bottom 226 and is accessible from outside the protective housing 224 by 
means of a terminal 240. It goes without saying that, as an alternative to the spot welds 244, 246, 
and 248, for example, there can be solder connections or electrically conductive cement 
connections. Between the face 72 and the membrane 230 is a gap 250 to prevent the bursting 
layer 234 from being affected when the battery respires naturally. Only in an impermissible 
operating state of the battery 10 is the membrane 230 forced to curve and irreversibly destroy the 
bursting layer 234, thus interrupting the electrical connection between the positive terminal 
contact of the battery 10 and the terminal 238. 

Fig. 12 shows a seventh embodiment of a protective device; the embodiment comprises a 
protective housing 252 which differs from the protective housing 224 essentially only by the 
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configuration of the bottom 226 and the tap of the positive terminal contact of the battery 10 in 
that embodiment. In particular, the protective housing 252 of this embodiment has a bottom 254 
with side walls which extend as far as the membrane 23 0, to which it is hermetically sealed by 
being welded thereto, so that the insulating ring 229 of the protective housing 224 is eliminated. 
The positive terminal contact of the battery 10 is tapped via a contact clip 258 which extends from 
one side wall of the battery housing 12 to the outside through the housing side wall by means of a 
hermetically sealed feed-through 260 which is electrically insulated relative to the side wall of the 
bottom 254. A contact clip 262 completes the electrical connection with the electrically 
conductive bursting layer 234, which is insulated completely relative to the membrane 230 and the 
bottom 254 by an insulating layer 255. 

An insulating layer 256 lines the interior of the protective housing 252 in the area of the 
membrane 230 and the side walls of the bottom 254 and prevents electrical contact between the 
positive terminal contact of the battery 10 and the membrane 230 or the side walls of bottom 254. 

According to Figs. 13 and 14, an eighth embodiment of a protective device is shown in 
which a modified protective housing 264 corresponds, for the most part, to the protective 
housing 54 of Figs. 2 through 4, but does not use its switching element 86 and in which the 
tapping of the positive terminal contact of the battery 10 takes place in altered form. A 
rectangular bursting strip 266 is coupled on the outside of the cover plate 62 of the protective 
housing 264 via cement connections 268 and 270, each of which is roughly in the outer third of its 
length so that, between the cement connections 268 and 270, a bridging zone 272 is formed. A 
line of symmetry in the direction of the length of the bursting strip 266 runs essentially parallel to a 
center line of the round cover plate 62, and the center of the bridging zone 272 is located above 
the center point of the cover plate 62. On the top of the bursting strip 266, a conductive layer 276 
is applied which extends over almost the entire top of the bursting strip 266 and which makes 
contact with the cover plate 62 in the area of one end of the bursting strip 266 by means of a 
contact clip 284, and makes contact with a terminal 286 in the area of its opposite end. Thus, an 
electrical connection is established between the terminal 286 and the positive terminal contact of 
the battery 10. In the area of the bridging zone 272 which is free of the cement layer, near a 
bisector of the longer side of the bursting strip 266, there is a scoring in the form of a perforation 
274. The scoring can be produced of course in some other suitable way, for example, by 
notching, scratching or thinning of the bursting strip 266. Adjacent to the perforation 274, a wire 
section 278 is fixed by means of a solder connection 280 to serve as a short circuit contact and 
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above which there is an opposite contact 282. The opposite contact 282 is in electrical contact 
with the side wall 64 via a contact clip 288, i.e., with the negative terminal contact of the battery 
10. In an impermissible operating state of the battery 10, a curvature is impressed on the cover 
plate 62, which acts as a deflectable membrane, and this curvature is transmitted via the cement 
connections 268, 270 to the bursting strip 266, which breaks, as shown in Fig. 14, along the 
perforation 274. The short circuit contact 278 is pressed against the opposite contact 282 and the 
short circuit current between the positive and the negative terminal contact of the battery 10 is 
enough to burn through any fragment of the conductive layer 290 which may remain at least 
partially spanning the rupture site. In this way, the tapping of the positive potential of the 
battery 10 via the terminal 286 is irreversibly interrupted. 

Since it is necessary to predict the curvature necessary to break the bursting strip 266 in 
the range of a few hundred microns, preferably in the range of less than 200 microns, the 
predefined geometry of the bursting strip 266 must be maintained very accurately. Material for 
the bursting strip 266 can be, for example, glass or ceramic, in which it can be advantageous to 
impress a mechanical prestress which increases the distance of the fracture edge after bursting of 
the scoring. To do this the bursting strip 266 can be made as a composite element of at least one 
glass or ceramic material and at least one metal, which are cemented or soldered to one another. 
Prestress of the bursting strip 266 can likewise be induced by using a metal with shape memory 
(memory effect). 

It is furthermore possible to produce the bursting strip 266 from a piezoelectric material 
or at least provide it with one such layer. Deformations of the bursting strip 266 which do not 
lead to its fracture, therefore, do not indicate an impermissible operating state of the battery 10, 
electrical information delivered from the piezoelectric converter in the form of charge changes can 
be tapped from optional evaluation electronics 52 in order to actuate, for example, a switching 
element which corresponds to the break contact 48 or 50 of Fig. 1 and to interrupt recharging or 
discharging of the battery 10 before the battery reaches an impermissible operating state. 

In the embodiment shown in Figs. 13 and 14, it is possible to interchange the location of 
the perforation 274 and of the short circuit contact 278 with reference to the side bisectors of the 
longer side of the bursting strip 266 with one another so that the short circuit contact 278 comes 
to rest on the side of the fracture edge which is the right one in Fig. 14. In this case a short circuit 
current cannot burn through a fragment of conductive layer 290 which may remain, but can 
intentionally completely discharge the battery 10, then the contact clip 68 could not be designed as 
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a fusible link, as is fundamentally possible (compare the corresponding details on the protective 
housing 54 of Figs. 2 through 4). If multi-redundant protection is not necessary, it is furthermore 
possible to completely eliminate the short circuit contact 278 and the opposite contact 282, to use 
only the irreversible break contact function of the bursting strip 266 and to design it such that, in 
any case, it is ensured that a fragment of conductive layer 290 does not remain when the bursting 
strip 266 ruptures. 

A ninth embodiment of a protective device is shown in Fig. 15 and differs from the 
embodiment of Figs. 2 to 4 essentially only in that, to increase the redundancy, a strain gauge 292 
is applied to the top of the cover plate 62 in a back-and-forth configuration. When the cover plate 
62 deforms, the strain gauge 292 undergoes a change in shape which leads to a change of its 
electrical resistance which is acquired via terminals 294 and 296 from the evaluation electronics 
52 and is used, for example, to actuate other switching elements, for example, for an electrically 
actuated make contact which can be placed away from the protective housing and in function 
corresponds to the make contact 46 or the break contact 50 of Fig. 1. Furthermore, the 
evaluation electronics 52 can activate a warning means which is not shown and which notifies the 
user of a malfunction of the battery 10. 

The protective housing 298 shown in Fig. 16 comprises the switching element 86 which 
has already been described in conjunction with the protective housing 54 of Figs. 2 through 4 and 
differs from the protective housing 54 essentially only by the following configuration features: A 
metallic, preferably titanium, bottom is made bowl-shaped, a hollow cylindrical side wall 300 is 
closed on its lower face in one piece by means of a bottom plate 302. A cover plate 304, made as 
a deflectable membrane, is welded on top of the side wall 300 to create a hermetic seal. Cover 
plate 304 is also preferably made of titanium. A bowl-shaped receiver 306 is held within the 
protective housing 298 sitting on its bottom plate 302. The receiver 306 has a cylindrical side 
wall with an outer diameter that corresponds to the inner diameter of the side wall 300. The inner 
diameter of the receiver 306 is matched to the battery housing 12, the battery 10 with its face 72 
abutting the inside of the bottom plate of the receiver 306 and being centered in the radial 
direction within the protective housing. The receiver 306 is made of an electrically insulating 
plastic material, for example, polytetrafluoroethylene (PTFE), and insulates the positive terminal 
contact of the battery 10 from the metallic protective housing. The receiver 306 is provided with 
a recess 308 on the outside of its side wall and is inserted in the protective housing 298 such that 
the recess 308 faces a radial opening 3 10 in the side wall 300. 
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The O-ring 82 is placed in the corner area between the side wall 300 and the cover 
plate 304 and is supported against one shoulder of the battery housing 12 which it prestresses in 
the direction toward the bottom plate 302 to prevent unwanted gaps from forming between the 
face 72, the bottom plate of the receiver 306 and the bottom plate 302. So that two volumes 
separated from one another do not build up within the protective housing 298, the O-ring 82 is 
not closed in the peripheral direction, but has a radial gap. 

The cylindrical opening 310 in the side wall 300 is surrounded on the outside of the side 
wall 300 by a cylindrical flat surface 312 into which a shoulder 314 of a sleeve-shaped, metallic, 
preferably titanium, receiver 316 is fitted pointing toward the outside and is welded to form a 
hermetic seal. The receiver 3 16 is part of a feed-through labelled 315 as a whole, and which also 
comprises a ceramic substrate 318, for example, of M2O3, and metallic contact pins 322, 324 
which are preferably made of a platinum-iridium compound. The outer diameter of the cylindrical 
substrate 3 18 is matched to the inner diameter of the receiver 3 16 and is inserted into receiver 216 
until it reaches a collar on the inner wall of the receiver 316. On the opposite side, the substrate 
318 projects beyond the receiver 316 and is connected to it in a hermetically sealed manner via a 
gold solder connection 320. The contact pins 322 and 324 shown in Fig. 16 penetrate the 
substrate 318 in the axial direction and are hermetically sealed in it also by means of a gold solder 
connection 326. Pins 322, 324 have a length which is enough to project axially from the feed- 
through 3 15 on both ends, and they project into the recess 308 on the side facing the interior of 
the protective housing 298. The pin 322 makes contact via a contact clip 332 with the positive 
terminal contact of the battery 10 in the area of the shoulder of the battery housing 12 on which 
the O-ring 82 is supported. The O-ring 82 is oriented such that the contact clip 332, just like the 
contact clip 330 which forms a current path between the negative terminal contact of the battery 
10 and the contact pin 324, is guided through the radial gap of the O-ring 82. The two contact 
clips 330, 332 are surrounded by an insulating tube 334. Between the face 71 of the battery 10 
and the bottom of the cover plate 304, in the already described manner, there is a gap which 
equalizes the natural respiration of the battery housing 12. The negative terminal contact of the 
battery 10, depending on the operating state, touches the cover plate 304 from underneath, by 
which the metallic components 300, 302, 304, and 3 16 of the protective housing 298 are placed at 
the negative potential of the batteiy 10. To keep these components defined at negative potential 
independently of the operating state of the battery 10, i.e., independently of the expansion of their 
volume, there is a solder bridge 328 on the feed-through 315 which extends between the contact 
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pin 324 and the receiver 316. Outside the protective housing 298, the positive and negative 
terminal contact of the battery 10 are tapped via terminals 338 and 336. 

The protective housing 298 can be produced with lower cost as compared to the 
protective housing 54 since the bottom of the protective housing 298 is made in one piece and a 
ceramic insulation ring 80 is not used. The especially critical metal-ceramic transition is minimized 
and limited to a part 315 which is to be produced and checked separately. This part contributes 
greatly to higher compressive strength of the protective housing 298. 

As follows from Fig. 17, a protective housing 340, viewed in the direction of the smallest 
dimension of the battery 10, i.e., axially, instead of a cylindrical cross-sectional shape, can have a 
different, for example, a roughly droplet-shaped cross-sectional shape. In the embodiment of the 
protective housing 340 as shown in Fig. 17, the side wall is formed by a segment 342 in the form 
of a three-quarter circle and two linear segments 344 and 346 which adjoin one another 
tangentially to both sides of the three-quarters circle, the segments being closed via a rounded 
corner area between them. The side wall is metallic, preferably made of titanium, and together 
with the one-piece bottom plate, forms a cup-shaped bottom for holding the battery 10. A cover 
plate (not shown) and which is likewise made of titanium is hermetically sealed to the upper end 
of the side wall by welding. For the sake of clarity, the wall thickness of the segments 342, 344 
and 346 is shown enlarged. The battery 10 is fixed within the protective housing 340 by centering 
means (not shown), at least the positive terminal contact of the battery 10 being electrically 
insulated with respect to the bowl-shaped bottom and the cover plate. 

A feed-through labelled 348 as whole differs from feed-through 3 15 of Fig. 16 essentially 
by the elimination of the receiver 316 so that a ceramic substrate 350 is hermetically sealed by 
being soldered, not into the receiver, but directly to the side wall of the protective housing 340, 
for which gold solder is preferably used. The ceramic substrate 350 is soldered to the linear 
segment 344, but it is likewise possible to accommodate the substrate 350 in the circular 
segment 342. Metallic contact pins 354 and 356 are used for separate connection to the negative 
and the positive terminal contact of the battery 10 and are soldered in the ceramic substrate 352 in 
a hermetically sealed manner. With regard to the preferred material selection for the contact pins 
354, 356 and the substrate 350, reference is made to the statements on the feed-through 315. 
Also for feed-through 348, there can be an electrical connection similar to a solder bridge 328 (see 
Fig. 16) between the contact pin 354 and the segment 344 in order to place the housing at a 
negative potential in a defined manner. 
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By means of a solder connection, a cylindrical opening in the segment 346 holds a ceramic 
substrate 358 which is penetrated by two contact pins 360 and 362 which are held in the substrate 
via a solder connection and which project beyond the latter axially on both ends. The opening in 
the segment 346 is hermetically sealed on the outside by a metallic membrane 364, the side of 
membrane 364 directed toward the interior of the protective housing 340, in the base state, ie. at 
a not unduly increased pressure within the protective housing 340, adjoins the contact pins 360 
and 362 with a defined prestress and connects them electrically. An opening 366 in the substrate 
358 ensures that, in the axial direction to both sides of the substrate, i.e. on the side of the 
substrate 358 facing the battery 10, just as on the side facing the inside of the membrane 364, 
essentially the same pressure prevails. 

While the contact clip 372 connects the positive terminal contact of the battery 10 directly 
to the contact pin 356 of the feed-through 348, the second contact pin 354 of the feed-through 
348, with the interposition of a break contact, makes contact with the negative terminal contact of 
the battery 10, the make contact comprising a contact pair formed from the contact pins 360, 362 
and the membrane 364. Here, a contact clip 368 is provided between the negative terminal 
contact of the batteiy 10 and the contact pin 360 as well as the contact clip 370 between the 
contact pin 362 and the contact pin 354. 

Membrane 364 cannot detect an expansion of the volume of the battery 10; however, in 
the case of an escape of chemicals from the interior of the battery housing 12, which leads to a 
predetermined pressure threshold being exceeded within the hermetically sealed protective 
housing 340, a curvature (represented by a dash line) is impressed on the membrane 364 which is 
in fluid communication with the remaining interior of the protective housing 340 via the opening 
366; this curvature is enough to raise the membrane 364 off the contact pins 360 and 362. The 
electrical connection between the two contact pins 360, 362, and thus between the negative 
terminal contact of the battery 10 and the contact pin 354 of the feed-through 348, is then 
reversibly interrupted. 

The protective housing 340 has another switching element which is integrated in the 
circular segment 342 and is made as a reversible make contact. This switching element can be 
present in addition to or instead of the aforementioned break contact. A membrane 380 is at the 
same time a detector element and part of the make contact. It is provided on the inside of the 
segment 342 facing the battery 10 and closes an opening in the segment 342. In the cylindrical 
opening, a ceramic substrate 374 is soldered such that two contact pins 376 and 378 which axially 
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penetrate the substrate 374 in the base position of the membrane 380 are at a predetermined 
distance to its outside. The membrane 380 is made electrically conductive at least in the area of 
its outer side which is adjacent to the contact pins 376, 378. But preferably, the entire membrane 
380 is electrically conductive, especially made of a material which is compatible with the material 
5 of the metallic bottom and the cover plate of the protective housing 340 and is welded in the 
segment 342. In this case, on the whole, it is at the electrical potential of the indicated metallic 
housing parts. 

The membrane 380 need not necessarily hermetically seal the opening in the segment 342. 
It is sufficient if it is sealed enough to experience a curvature in response to an unduly high 

1 o pressure rise within the protective housing 340 (in Fig. 17 indicated by a dash line) which brings at 

least its conductive area into electrical contact with the contact pins 376 and 378 and electrically 
short circuits them. The hermetic sealing must then be guaranteed by substrate 374 which would 
have to be hermetically sealed by being soldered to the segment 342 and to the contact pins 376, 
378. Furthermore, a compression space formed between the substrate 374 and the membrane 380 
15 would have to be considered in the design of the membrane 380. If, on the other hand, the 
membrane 380 closes the opening in the segment 342 in a hermetically sealed manner, which is 
preferred, a hermetically sealed configuration of the substrate 374 and the corresponding solder 
connections between the substrate 374 and the contact pins 376, 378 and the segment 342 is not 
absolutely necessary, but is a good idea under certain circumstances. 

2 0 It goes without saying that the protective housing 340 can be designed such that 

expansion of the volume of the battery 10 in the direction of curvature of the membrane 380, i.e., 
essentially perpendicular to the smallest dimension of the battery 10, actuates the membrane 380. 
Preferred materials for the contact pins 360, 362, 376, 378 and the substrates 358 and 374 of the 
break contact or the make contact correspond to those of the corresponding components of the 

2 5 feed-through 348. 

The break contact of the protective housing 340, which comprises the membrane 380 and 
contact pair formed by the contact pins 376, 378 can be used, for example, corresponding to 
make contact 44 (see, Fig. 1) to directly short circuit the recharging circuit 22. It is likewise 
possible to monitor the break contact by means of the evaluation electronics 52 which, for its part, 

3 o actuates other switching elements or the aforementioned warning means. 

One important advantage of the protective housing 340 can be seen in that, by integration 
of all detector and switching elements and the feed-through in the side wall of the protective 
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housing 340, it can be very flat and is essentially thicker than battery 10 only by the wall 
thicknesses of the bottom and the cover plate in the direction of the smallest dimension of the 
battery 10. 

While various embodiments in accordance with the present invention have been shown 
and described, it is understood that the invention is not limited thereto, and is susceptible to 
numerous changes and modifications as known to those skilled in the art. Therefore, this 
invention is not limited to the details shown and described herein, and includes all such changes 
and modifications as are encompassed by the scope of the appended claims. 
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We Claim : 

1 . Protective device for a repeatedly rechargeable electrochemical battery with a battery 
housing, comprising a hermetically sealed protective housing, a detector element, and at least one 
switching element which is activatable by the detector element and which prevents at least one of 
5 recharging and discharging of the battery when the battery is in an impermissible operating state; 
wherein the hermetically sealed protective housing has a receiving space for the battery housing 
and is part of an implantable device; and wherein the detector element is constructed and arranged 
to deflect, at least in part, in response to occurrence of an impermissible operating state of the 
batteiy. 

10 2. Protective device as claimed in claim 1, wherein said at least one switching element is a 

break contact which electrically interrupts a recharging circuit powered by a charging device when 
said at least one switching element is activated by said deflection of at least part of the detector 
element in response to said occurrence of an impermissible operating state of the battery. 

3. Protective device as claimed in claim 1, wherein said at least one switching element is a 
15 break contact which electrically interrupts a consumer circuit which is electrically connected to the 

batteiy when said at least one switching element is activated by said deflection of at least part of 
the detector element in response to said occurrence of an impermissible operating state of the 
battery. 

4. Protective device as claimed in claim 1, wherein said at least one switching element is a 
2 o make contact which electrically short circuits a recharging circuit powered by a charging device 

when said at least one switching element is activated by said deflection of at least part of the 
detector element in response to said occurrence of an impermissible operating state of the battery. 

5. Protective device as claimed claim 1, wherein said at least one switching element is a 
make contact which electrically short circuits the battery when said at least one switching element 

2 5 is activated by said deflection of at least part of the detector element in response to said 
occurrence of an impermissible operating state of the battery. 
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6. Protective device as claimed in claim 1, wherein said at least one switching element 
irreversibly interrupts a circuit when said at least one switching element is activated by said 
deflection of at least part of the detector element in response to said occurrence of an 
impermissible operating state of the battery.. 

5 7. Protective device as claimed in claim 1, wherein said at least one switching element 

reversibly interrupts a circuit when said at least one switching element is activated by said 
deflection of at least part of the detector element in response to said occurrence of an 
impermissible operating state of the battery.. 

8. Protective device as claimed in claim 1, wherein at least one overcurrent fuse is 

1 o provided for limiting a current in at least one of a recharging and consumer circuit of the battery. 

9. Protective device as claimed in claim 1 ? wherein at least one overcurrent fuse is 
provided for interrupting a current in at least one of a recharging and consumer circuit of the 
batteiy. 

10. Protective device as claimed in claim 1 ? wherein said at least one switching element is 
15 positioned close enough to the detector element to be mechanically actuated by means of the 

deflection of at least part of the detector element. 

11. Protective device as claimed in claim 1, wherein said at least one switching element 
coupled to a means of evaluation electronics having means for determining the occurrence of said 
deflection of at least part of the detector element and for causing activation of said at least one 

2 o switching element in response to said determination. 

12. Protective device as claimed in claim 11 ? wherein said means for determining 
comprises an electrical extensometer. 

13. Protective device as claimed in claim 12, wherein the electrical extensometer is a 
strain gauge. 



-26- 



DocketNo. 0105-34 



14. Protective device as claimed in claim 12, wherein the electrical extensometer is a 
piezoelectric converter. 

15. Protective device as claimed in claim 1, wherein the detector element is part of the 
protective housing. 

16. Protective device as claimed in claim 15, wherein the detector element comprises a 
deflectable membrane. 

17. Protective device as claimed in claim 16, wherein the membrane forms an outer wall 
of the protective housing. 

18. Protective device as claimed in claim 16, wherein the membrane forms a partition 
within the protective housing. 

19. Protective device as claimed in claim 15 ? wherein the detector comprises at least one 
membrane which is integrated into a side wall of the hermetically sealed protective housing; and 
where the at least one membrane has a direction of curvature running essentially perpendicular to 
a smallest dimension of the battery. 

20. Protective device as claimed in claim 19, wherein said at least one membrane is part 
of a make contact having a contact pair, said at least one membrane being a means for electrically 
short circuiting the contact pair of the make contact. 

21. Protective device as claimed in claim 19, wherein said at least one membrane is part 
of a break contact having a contact pair, said at least one membrane being a means electrically 
disengaging the contact pair of the break contact. 

22. Protective device as claimed in claim 1, wherein the battery has two terminal contacts 
which make electrical contact with areas of the protective housing which are electrically insulated 
relative to one another, the areas of the protective housing which are electrically insulated relative 
to one another being electrically conductive and being electrically connected to at least one of a 
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recharging circuit and a consumer circuit. 

23. Protective device as claimed in claim 1, wherein the battery housing has at least one 
terminal contact which is electrically connected to at least one of a recharging circuit and a 
consumer circuit via a hermetically sealed feed-through which is electrically insulated with 

5 reference to the protective housing. 

24. Protective device as claimed in claim 23 ? wherein the feed-through is at least one- 
poled and comprises a ceramic substrate; and wherein, for each pole, a metallic contact pin is 
provided which penetrates the substrate in a hermetically sealed manner. 

25. Protective device as claimed in claim 24, wherein hermetic sealing of each contact pin 
10 in the ceramic substrate is provided by means of a material connection; and wherein the substrate 

is hermetically sealed in an outside wall of the protective housing by means of a material 
connection. 

26. Protective device as claimed in claim 24, wherein hermetic sealing of each contact pin 
in the ceramic substrate is provided by means of a material connection; wherein the substrate is 

is hermetically sealed in an a metallic receiver by means of a material connection; and wherein the 
metallic receiver is connected to an outside wall of the protective housing by a material 
connection. 

27. Protective device as claimed in claim 1 ? wherein said impermissible operating state of 
the battery comprises at least one of an unacceptable expansion in the volume of the battery and 

2 0 an escaping of gas from the battery housing which results in an unacceptable pressure rise within 
the hermetically sealed protective housing. 

28. Protective device as claimed in claim 1, wherein the protective housing is made of a 
bio-compatible material 
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Abstract of the Disclosure 



A protective device for a repeatedly rechargeable electrochemical battery (10) with a 
battery housing (12), the protective device having at least one switching element (86) which can 
be activated by a detector element (62) and which is designed or adjusted to prevent recharging 
and/or discharging of the battery (10) in an impermissible operating state thereof The protective 
device has a hermetically sealed protective housing (54) which holds the battery housing (12). An 
impermissible operating state of the battery (10) causes a change in shape (deflection) to be 
impressed on the detector element (62). Preferably, the at least one switching element (86) is 
made as a make contact which electricaEy short circuits a recharging circuit supplied by a charging 
device when a predetermined expansion in the volume of the battery housing (12) and/or gas 
escape therefrom occurs. The protective device is part of an implantable device, such as a hearing 
aid. 
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Declaration and Power of Attorney for Patent Application 
Erklarung fur Patentanmeldungen mit Vollmacht 
German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit an 
Eides Statt: 

daft mein Wohnsitz, meine Postanschrift und meine 
Staatsangehorigkeit den im nachstehenden nach meinem 
Namen aufgefuhrten Angaben entsprechen, daft ich nach 
bestem Wissen der ursprungliche, erste und alleinige 
Erfinder (falls nachstehend nur ein Name angegeben ist) 
oder ein ursprungiicher, erster und Miterfinder (falls 
nachstehend mehrere Namen aufgefuhrt sind) des 
Gegenstandes bin, fur den dieser Antrag gestellt wird und 
fur die Erfindung mit folgendem Titel beantragt wird: 



SCHUTZVORR1CHTUNG FUR EINE MEHRFACH 
NACHLADBARE ELEKTROCHEM1SCHE BATTERIE 



deren Beschreibung hier beigefugt ist, es sei denn (in 
diesem Falle Zutreffendes bitte ankreuzen), diese 
Erfindung 

□ wurde angemeldet am 

unter der US-Anmeldenummer oder im Rahmen 
des Vertrags uber die Zusammenarbeit auf dem 
Gebiet des Patentwesens (PCT) unter der 
International Anmeldenummer 

und am 

abgeandert (fails zutreffend). 



Ich bestatige hiermit, daft ich den inhait der oben 
angegebenen Patentanmeldung, einschiieftlich der 
Anspruche, die eventuell durch einen oben erwahnten 
Zusatzantrag abgeandert wurde, durchgesehen und 
verstanden habe. 

Ich erkenne meine Pflicht zur Offenbarung jeglicher 
Informationen an, die zur Prufung der Patentfahigkeit in 
Einklang mit Titel 37, Code of Federal Regulations, § 1.56 
von Belang sind. 



As a below named inventor, ! hereby declare that: 

My residence, post office address and citizenship are as 
stated next to my name. 

I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are iisted below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention entitled: 



PROTECTIVE DEVICE FOR A REPEATEDLY 
RECHARGEABLE ELECTROCHEMICAL BATTERY 



the specification of which is attached hereto unless 
the following box is checked: 



□ was filed on 

as United States Application Number or 
PCT international Application Number 

and was amended on 

(if applicable). 



t hereby state that I have reviewed and understand 
the contents of the above identified specification, 
including the claims, as amended by any amendment 
referred to above. 



I acknowledge the duty to disclose information which 
is material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1 .56. 
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German Language Declaration 



Ich beanspruche hiermit auslandische Prioritatsvorteile gemafi Titei 35, 
US-Code, § 119 (a)-(d), bzw. § 365(b) aller unten aufgefuhrten 
Auslandsanmeldungen fur Patente Oder Erfinderurkunden, Oder § 365(a) 
aller PCT internationalen Anmeldungen, welche wenigstens ein Land 
ausser den Vereinigten Staaten von Amerika benennen, und habe 
nachstehend durch Ankreuzen samtliche Ausiandsanmeldungen fur 
Patente bzw. Erfinderurkunden oder PCT internationale Anmeldungen 
angegeben, deren Anmeldetag dem der Anmeldung, fur welche Prioritat 
beanspruchtwird, vorangeht. 



I hereby claim foreign priority under Title 35, United States Code, § 
1 19(a)-(d) or § 365(b) of any foreign application(s) for patent or inventor's 
certificate, or § 365(a) of any PCT International application which 
designated at least one country other than the United States, listed below 
and have also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on which 
priority is claimed. 



Prior Foreign Application 

(Fruhere auslandische Anmeldungen) 



Priority Not Claimed 
Prioritat nicht beansprucht 



19837909.9 



GERMANY 



(Number) 
(Nummer) 



(Country) 
(Land) 



20 AUGUST 1998 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 



□ 



(Number) 
(Nummer) 



(Country) 
(Land) 



Ich beanspruche hiermit Prioritatsvorteile unter Titel 35, US-Code, 
§ 119(e) aller US-Hilfsanmeldungen wie unten aufgezahlt. 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 



□ 



I hereby claim the benefit under Title 35, United States Code, § 119(e) of 
any United States provisional application(s) listed below. 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



Ich beanspruche hiermit, die mir unter Titel 35, US-Code, § 120 
zustehenden Vorteile aller unten aufgefuhrten US-Patentanmeldungen 
bzw. § 365(c) aller PCT internationalen Anmeldungen, welche die 
Vereinigten Staaten von Amerika benennen, und erkenne, insofern der 
Gegenstand eines jeden friiheren Anspruchs dieser Patentanmeidung 
nicht in einer US-Patentanmeldung, bzw. PCT internationalen 
Anmeidung in in einer gemaft dem ersten Absatz von Titel 35, US-Code, 
§ 1 12 vorgeschriebenen Art und Weise offenbart wurde, meine Pflicht zur 
Offenbarung jeglicher Informationen an, die zur Prufung der Patent- 
fahigkeit in Einklang mit Titel 37, Code of Federal Regulations, § 1.56 
von Belang sind und die im Zeitraum zwischen dem Anmeldetag der 
friiheren Patentanmeidung und dem nationalen oder im Rahmen des 
Vertrags uber die Zusammenarbeit auf dem Gebiet des Patentwesen 
(PCT) gultigen internationalen Anmefdetag bekanntgeworden sind. 



I hereby claim the benefit under Title 35, United States Code, § 120 of 
any United States application(s), or § 365(c) of any PCT Internationa! 
application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in 
the prior United States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States Code, § 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, § 1.56 
which became available between the filing date of the prior application 
and the national or PCT International filing date of this application. 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



(Status)(patent, pending, abandoned) 
(Status) (patentiert, schwebend, aufgegeben) 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



(Status) (patented, pending, abandoned) 
(Status) (patentiert, schwebend, aufgegeben) 



Ich erklare hiermit, dafl alie in der voriiegenden Erklarung von mir 
gemachten Angaben nach bestem Wissen und Gewissen der Wahrheit 
entsprechen, und ferner daft ich diese eidesstattliche Erklarung in 
Kenntnis dessen ablege, dali wissentlich und vorsatzlich falsche 
Angaben oder dergleichen gemafi § 1001, Titel 18 des US-Code strafbar 
sind und mit Geldstrafe und/oder Gefangnis bestraft werden konnen und 
dafi derartige wissentlich und vorsatzlich falsche Angaben die 
Rechtswirksamkeit der voriiegenden Patentanmeidung oder eines 
aufgrund deren erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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Patentanwalt (Patentanwalte) und/oder Vertreter mit der 
Verfolgung der voriiegenden Patentanmeidung sowie mit der 
Abwickiung alter damit verbundenen Angelegenheiten vor 
dem US-Patent- und Markenamt; 


PDWFR OF ATTORNEY' As a named inventor l herebv 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transect all business in the Patent and 
Trademark Office connected therewith: 


(Name(n) und Registrationsnummer(n) aufiisten) 


(list name and registration number) 


David S. Safran, Reg. No. 27,997, Daniel W. Sixbey, Reg. No. 
20,932, Stuart J. Friedman, Reg. No. 24,132, Charles M. 
Leedom, Jr., Reg. No. 26,477, Gerald J. Ferguson, Jr., Reg. 
No. 23,016, Thomas W. Cole, Reg. No. 28,290, Donald R. 
Studebaker, Reg. No. 32,815, Jeffrey L. Costellia, Reg. No. 
35,483, Evan R. Smith, Reg. No. 35,683, Tim L. Brackett, 
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